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Synopsis 
  Resent years, from the viewpoint of rational fabrication of the steel bridges, there are some applications 
using extremely thick plates for primary members of bridge structures. In case of joining such thick plates 
by using high strength bolted friction type joints, the bolt axial force is specified by the design code. 
However, the actual bolt axial force tightened is varied, and then mechanical behavior of such multiple 
joints is not clear. In this study, the finite element analysis (FEA) for such joints has been carried out in 
order to investigate the mechanical behavior considering fluctuation of bolt axial forces..  
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1. Introduction 
  Resent years, from the viewpoint of rational fabrication of steel bridges, there are some examples to use 
extremely thick plates for primary members. In case of joining such thick plates, welding are ordinary used. 
However, the cost of welding will increase due to its qualification. On the other hand, joints with high 
strength bolts are not adopted in general due to lack of enough technical information of them. 
  In order to solve these problems, the experiment1)2)  and FEA3) had been carried out in these years. In 
case of joining such thick plates by using high strength bolted friction type joints, the bolt axial force is 
specified by the design code. However, the actual bolt axial force tightened is not the constant value 
specified by the design code, and mechanical behavior of such multiple joints is not clear. In this study, 
FEA has been conducted in order to  understand the influence of the variation of the bolt axial forces to 
its mechanical behavior.  
 
2. FEA model 
2.1 General 
  In this study, the FEA program ABAQUS has been used. The connected plate, splice plate and high 
strength bolt are meshed by solid elements of 8 nodes. The material property is referred to the 
experimental date2). The surface boundary which can simulate contact are installed between the connected 
plate and splice plate, the connected plate and the splice plate and bolt. The friction coefficient is assumed  
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0.5 in the FEA model. There are two steps for the model advancing. The first step is that the connected 
plate and splice plate are tightened by high strength bolts, and the second step is that tensile load is applied 
at the edge of the model.  
 
2.2 FEA model 
  The FEA model is 1/8 of experimental specimen2) as shown in Fig. 1. The thickness of the connected 
plate is 50mm, the thickness of the splice plate is 28mm, and the size of bolt is M16. Structural dimensions 
of all models are tabulated in Table 1. The first character set of model’s name denotes nominal diameter of 
bolt, the second character set denotes the number of the bolts in a line, and the third character set denotes 
slip/yielding strength ratio β. The last character set denotes the number of bolts with 120% bolt axial force. 
For example, M16-4-0.72-1 means; the bolt is M16, the number of bolts in a line is 4, the slip/yielding 
strength ratio β is 0.72, and the bolt number with 120% bolt axial force is bolt1.  
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Yield stress (N/mm2)
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0.72
M16-4-
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0.72-1
Fig. 1 FEA model 
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Table 1 Structural dimensions of all models 
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3. FEA results and discussion 
3.1 Load vs. Relative Displacement between the connected plate and splice plate. 
  Table 2 shows the summary of FEA results. There are slip load , slip coefficient, and reduction rate of 
bolt axial force. Fig. 2 shows location of relative displacement between the connected plate and splice 
plate. And Slip occurrence is defined by the relative displacement when it has been reached 0.2mm in Fig. 
3. Slip coefficient equal the ratio of slip load divided by design bolt axial force. Fig. 4 shows the curves of 
load vs. relative displacement between the connected plate and splice plate. The vertical axis shows the 
tensile load P, and the horizontal axis shows relative displacements. From Fig. 4, whichever bolt was 
tightened by 120% bolt axial force, the slip load of model is constant as the number of the bolt in a line is 
same. It is also found that slip load become high as bolt axial force tightened increase. And, comparing 
model M16-4-0.72, the slip coefficient of model M16-4-0.72-1 and M16-4-0.72-4 increase 5.2%. 
Comparing model M16-8-0.72, the slip coefficient of model M16-8-0.72-1, M16-8-0.72-4, 
andM16-8-0.72-8 increase 2.5%. However, focusing on the slip coefficient evaluated by bolt axial force 
before loading, in case of 4 or 8 rows, slip coefficients are constant.  
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408.3 428.8 428.8 817.5 837.8 838.0 838.0
0.481 0.506 0.506 0.482 0.494 0.494 0.494
bolt1 4.8 4.5 5.1 5.9 5.6 6.1 6.1
bolt2 3.9 4.0 4.1 5.1 5.2 5.3 5.3
bolt3 3.8 3.9 4.0 4.9 5.0 5.1 5.0
bolt4 3.1 3.3 2.8 4.8 4.9 4.2 4.9
bolt5 - - - 4.6 4.7 4.7 4.8
bolt6 - - - 4.5 4.6 4.6 4.7
bolt7 - - - 4.3 4.4 4.4 4.4
bolt8 - - - 4.1 4.2 4.2 3.6
Reduction
rate of
bolt axial
force (%)
Slip load PSL (kN)
Slip coefficient μ
M16-8-
0.72
M16-8-
0.72-1
M16-8-
0.72-4
M16-8-
0.72-8
Specimen`s name M16-4-
0.72
M16-4-
0.72-1
M16-4-
0.72-4
Table 2 Summary of FEA results 
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3.2 Reduction rate of bolt axial force 
  Reduction rates of each bolt axial force at slip load are shown in Fig. 5. The horizontal axis shows the 
bolt number as shown in Fig. 1. In this figure, reduction rate means normalized decrease of bolt axial force 
at slip divided by bolt axial force before loading. It is confirmed that reduction rate of bolt axial force with 
120% bolt axial force is smaller than that with 100% bolt axial force. Comparing the model that the bolt 
number in a line is 4, the reduction rate of bolt axial force of model that the bolt number in a line is 8 
become high. The reason is plate stress of in model of 4 rows become higher than that in model of 8 rows.  
 
 
 
 
 
 
 
 
 
 
 
3.3 Stress distribution along the plate's axial direction 
  Fig. 6 shows stress distribution along the plate's axial direction of models which has four bolts in a line . 
Fig. 7 shows stress distribution along the plate's axial direction of models which has 8 bolts in a line. It can 
be found that stress along the plate's axial direction of M16-4-0.72 smaller than that of M16-8-0.72. Also, 
about model M16-8-0.72, local yielding has occurred at the neighborhood of the bolt1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
1
2
3
4
5
6
bolt1 bolt2 bolt3 bolt4
Re
du
cti
on
 ra
te
Bolt Number
M16-4-0.72
M16-4-0.72-1
M16-4-0.72-4
0
1
2
3
4
5
6
bolt1bolt2bolt3bolt4bolt5bolt6bolt7bolt8
Re
du
cti
on
 ra
te
Bolt Number
M16-8-0.72
M16-8-0.72-1
M16-8-0.72-4
M16-8-0.72-8
(b) M16-8-0.72 (a) M16-4-0.72 
Fig. 5 Reduction rate of bolt axial force 
(a) M16-4-0.72 
(b) M16-4-0.72-1 
Fig. 6 Stress distribution along the plate's axial direction 
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4. Concluding remarks 
  In this study, the finite element analysis (FEA) for high strength bolted friction type joints has been 
carried out to understand the mechanical behavior of them. As the bolt axial force tightened is various, 
obtained concluding remarks are as followings: 
 
(1)Focusing on slip coefficient evaluated by design bolt axial force, in model of 4 rows, slip coefficient is 
higher than that of 8 rows. However, focusing on slip coefficient evaluated by bolt axial force tightened, in 
model of 4 or 8 rows, slip coefficient is constant. 
(2)For model that bolt number in a line is 4 or 8, as relative displacement is 0.2mm, the major slip has 
occurred. So that, the fluctuation of variation of the bolt axial force is small. 
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Fig. 7 Stress distribution along the plate's axial direction  
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